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ABSTRACT

Thi s handbook defines the basic criteria to be used in the design of
el ements used in waterfront construction. This handbook is intended for
experienced engineers. The contents cover general requirements concerning
piling, deck and substructure framng, and hardware for waterfront structures,
as well as specific criteria for various types of installations. It also
includes a section on the strength evaluation of existing waterfront

structures and a section on the deterioration of waterfront structures is also
i ncl uded.
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FOREWORD

Thi s handbook has been devel oped from an evaluation of facilities in the shore
establishnent, from surveys of the availability of new materials and
construction nethods, and from selection of the best design practices of the
Naval Facilities Engineering Command (NAVFACENGCOM), other Government
agencies, and the private sector. This handbook was prepared using, to the
maxi mum extent feasible, national professional society, association, and
institute standards. Deviations fromthis criteria, in the planning

engi neering, design, and construction of Naval shore facilities, cannot be
made without prior approval of NAVFACENGCOVHQ Code 04.

Design cannot remain static any nore than can the functions it serves or the
technol ogies it uses. Accordingly, recommendations for inprovenent are
encouraged and should be furnished to Commander, Naval Facilities Engineering
Command, Atlantic Division, Code 04A4, Norfolk, Virginia 23511-6287;

t el ephone (804) 444-9970.

TH' S HANDBOOK SHALL NOT BE USED AS A REFERENCE DOCUMENT FOR PROCUREMENT OF
FACILITIES CONSTRUCTION. |IT IS TO BE USED IN THE PURCHASE OF FACI LI TIES
ENG NEERI NG STUDI ES AND DESI GN ( FI NAL PLANS, SPECI FI CATI ONS, AND COST
ESTI MATES). DO NOT REFERENCE I T IN M LI TARY OR FEDERAL SPECI FI CATIONS OR
OTHER PROCUREMENT DOCUMENTS.
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PI ERS AND DOCKSI DE FACILITIES CRITERIA MANUALS

Criteria

Manual Title PA

M L- HDBK- 1025/ 1 Piers and Warves LANTDI V

M L- HDBK- 1025/ 2 Dockside Wilities for Ship Service LANTDI V

M L- HDBK- 1025/ 3 Cargo Handling Facilities LANTDI V

DM 25. 4 Seawal I s, Bul kheads, and Quaywalls LANTDI V

DM 25.5 Ferry Termnals and Small Craft LANTDI V
Berthing Facilities

M L- HDBK- 1025/ 6 CGeneral Criteria for Waterfront LANTDI V
Construction

NOTE: Desi gn manual s, when revised, will be converted to mlitary

handbooks.

Thi s handbook is issued to provide i mediate gui dance to the user.
However, it may or may not conformto format requirenents of
M L- HDBK- 1006/ 3 and will be corrected on the next update
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Section 1: | NTRCDUCTI ON

1.1 Scope. This handbook contains general criteria for the design of
piling, deck, and substructure framng and bracing, and hardware and fittings
for waterfront construction. Unless indicated otherwi se, these criteria also
apply to the design of offshore structures.

1.2 Cancel lation. This handbook cancels and supersedes DM 25.6, Ceneral
Citeria for Waterfront Construction, (July 1981).
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Section 2: PILING

2.1 Ceneral Requi renents

2.1.1 Capacity

2.1.1.1 (Capacity as a Structural Menber. For pile sections enbedded in the
ground refer to NAVFAC DM 7, Soils and Foundations Series. For sections
freestanding in water, treat pile as a colum having an unbraced | ength as
shown in Figure 1. Were, due to long-termcreep effects, the use of the
coefficient of subgrade reaction would be inappropriate or if one is
unavail abl e, or for conditions not covered by Figure 1, the follow ng
assunptions nay be nade

a) 1In soft, cohesive soils, the point of fixity may be assumed to
occur at a depth of 10 ft (3.05 m) below the nudline for piles having nmodul us
of elasticity to nonent of inertia ratio (El) of 10 x 109 1b-in2
(0.453 kg) or less. The point of fixity may be assumed to occur at a depth of
12 ft (3.66 m) below the nmudline for piles having an El greater than 10 x
109 1b-in2. E equals Mdulus of Elasticity of Pile in pounds per in.’
and | equals nonment of inertia of pile inin."

b) In loose, granular soils and in nedium cohesive soils, the point
of fixity may be assumed to occur at a depth of 8 ft (2.44 m) bel ow the
nudline for piles having an El of 10 x 1092 1b-in2 or less, and at a depth
of 10 ft below the nudline for piles having an El greater than 10 x 109
| b-in®

c) For other cases, assume a point of fixity at a depth of 5 ft
(1.5 m below the mudline

The effective length factor K (see Figure 1) shall be taken as:

a) 0.75 - when the deck structure is light, the piles have m ni mum
enbedment into the pile cap and there is no provision for nmoment transfer into
the deck structure

b) 0.67 - when the deck structure is light and a provision is made
for nmoment transfer by enbednent or other device into the deck structure.

c) 0.50 - when the deck structure is heavy and a positive neans for
morent transfer is provided.

NOTE : These provisions do not apply if enbednent is |ess than
10 ft into firmmterial or 20 ft(6.10 m) into soft or
| oose material. If |esser penetration is provided, assune
that the piles are hinged at their lower end. The
indicated effective length factors apply if batter piles
(m nimum batter of one horizontal to three vertical) are
provided to resist full lateral loads, i.e., the plunb
piles are not intended to resist lateral loads. If no
batter piles are provided, increased K factors shall apply
corresponding to condition where sidesway can occur
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Figure 1

Determ nation of Unbraced Pile Length
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Piles shall be designed for a mninmmeccentricity of 0.10 times the
equival ent diameter of the pile. The nmonment resulting fromthis mni mum
eccentricity is not additive to the moments indicated by analysis of the
applied |oads.

2.1.1.2 Capacity of the Gound to Support the Pile. Refer to provisions of
the NAVFAC DM 7 series, pertaining to friction, end bearing resistance, and
settlenments of single piles and pile groups.

2.1.1.3 Lateral load Capacity. For piles spaced nore than three diameters
center-to-center, assume that the soil reacts laterally on an equivalent pile
having a diameter equal to three times the actual dianmeter of the pile. For
cl oser spacing, reduce the assumed equival ent diameter proportional to the
spaci ng.

NOTE A nunber of published design curves already include the
effects of this spread of the |oad.

2.1.1.4 Capacity of Existing Piles. Refer to Section 6 for information
pertaining to the capacity of existing piles.

2.1.2 Details Applicable to All Pile Types

2.1.2.1 Mnimum Penetration. The mninum penetration of piles shall conform
to the follow ng:

a) Penetrate sufficiently into an acceptable bearing stratumto
distribute the pile load within the supporting capacity of the soil (refer to
DM 7.01, Soil Mechanics, DM 7.02, Foundations and Earth Structures, and
DM 7.03, Soil Dynamics. Deep Stabilization. and Special Geotechnica
Construction).

b) Penetrate sufficiently bel ow probable future dredge depth to
distribute the pile load within the supporting capacity of the soil. Discount
resi stance of soil which reasonabl e expectation indicates may be renoved.

c) Mnimmvalues. Al though m nimum val ues shall apply, if the
pile penetration is less than 10 ft (3.05 m) into firmmterial and |ess than
20 ft (6.10 m into soft or loose material, special provisions such as
hardened tips driven into the refusing stratum drilled sockets, or drilled
dowel s shall be made to secure the tips of the pile against latera
di spl acement due to inevitable eccentricities, lateral forces, and being out
of plunb. The required lateral resistance shall be at |east 5 percent of the
design axial load. The effective length factors shall be increased as
descri bed above.

2.1.2.2 Tolerances on Installation. For piles fully, or near fully,
enbedded in the ground, the provisions of NAVFAC CGuide Specifications

(TS Series) apply. The following provisions relate to piling installed in
open platforms where the piles project several feet or nmore above the nudline:

a) Slope shall generally be +4 percent from plunb, or specified
batter, as a reasonabl e conpronise between the needs of the design and the
practicality of installation.
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b) In locating the pile head, there is no limt, provided the
structure can tolerate the revised pile spacing. However, residual stresses
in the piles due to forcing the pile into the pile cap shall be considered in
eval uating the colum capacity of the pile. No increase (or additiona
increase) in allowable stress should be applied to stress combinations which
include these residual stresses.

NOTE : For effective unbraced length, divided by radius of gyration
(KI/r) between about 40 and 100, these effects can be substantia
(refer to para. 6.5). But for fully enbedded piles, K /r commonly
is less than 40 and |ocked-in stresses can be neglected. Caution
shal | be exercised when using driving frames because they prevent
| ateral novements of the head of the pile and nask the existence
of locked-in stresses. Anple edge distances shall be provided so
that the piles will fit into the cap w thout excessive force or
restraint. Alow for tolerance in the location of the pile head
of at least 1.5 percent of the exposed height.

2.1.2.3 Mninum Spacing. The mninum spacing requirements of piles are as
follows :

a) Provide for adequate distribution of the load on a pile group to
t he supporting soil.

b) No mininum val ues are specified other than practical linmitations
to avoid piles interfering with or intersecting each other. One technique is
to use a center-to-center spacing equal to 5 percent of the pile |ength.

2.1.2.4 Pile Caps in Contact Wth the Gound. The piles shall be designed
to carry the entire superinposed load with no allowance made for the
supporting value of the material between the piles.

2.1.2.5 Connection of Piles to Caps. The follow ng requirements pertain to
the connection of files to caps

a) No Tension in Piles--Tinmber Caps. Tops of piles shall be
secured to caps with spiral-drive drift bolts, metal straps, or scabs.

b) No Tension in Piles--Concrete Caps. Tops of piles shall have a
m ni mum 4-in. enbednent.

c) No Tension in Piles--Steel HPiling in Concrete Caps. Refer to
requirements in para. 2.2.6.3

d) Tension in Piles--Tinber Piles in Concrete Caps. Shoul der and
enbed butts to satisfy requirements of shear stress in the tinber and di agona
tension stress in the concrete. Tinber connectors are permtted as an
alternate nethod of stress transfer fromcap to piles.

e) Tension in Piles--Concrete Piles in Concrete Caps. Dowel into
cap.

f) Tension in Piles--Steel Piles in Concrete Caps. Calculate bond
resistance as 0.02 f'c for contact surfaces which are cast “in the dry” and
as 10 psi (68.95 kPa) for contact surfaces which are cast below water (treme)
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g) Tension in Piles--Tinber Piles Wth Tinber Cap. Provide scabs
and shear bolts or provide netal straps

2.1.2.6 Batter Piles. Connections to adjacent piles in group shall be
capabl e of devel oping the cal cul ated tension, but not |ess than a tension
equal to one-half the conpression |oad | ess the dead weight in the pile.

2.1.2.7 Splicing. Splices shall be constructed so as to provide and
maintain true alignment and position of the conponent parts of the pile during
installation and subsequent thereto. Splices shall be of adequate strength to
transmt the vertical and lateral |oads (including tensions), and the nonents
exceeding the allowable stresses for such materials as established in the DM 2
Series for Service Cassification B. Except for piles that can be visually
inspected after driving, splices shall develop at |east 50 percent of the
capacity of the pile in bending or the nmoment and shear that would result from
an assuned eccentricity of the pile load of 3 in. (76.2 m), whichever is the
greater requirenment. No minimumstrength requirement is specified for pile
splices that can be inspected and reinforced after driving.

2.1.2.8 Mxed Types or Capacities of Piling and Miltiple Types of
Installation Equi pnent or Methods. M xed types or capacities of piling and
different types of installation equipment or methods are permitted, provided
that analysis is made of the effects on the superstructure of differentia

el astic shortening and settlenent. Consider conducting |oad tests to eval uate
differential settlements and spring values for piles

2.1.2.9 Slope of Batter Piles. Unless special provisions are made for the
difficulties of installation and the effects of dimnution of the hamer bl ow
on the capacity, keep the slope of the batter piles to one horizontal to two
vertical or steeper (preferably 1 horizontal to 2.5 vertical).

2.2 Requirenents for Specific Type of Piles

2.2.1 Untreated Tinber Piles

2.2.1.1 Piles. Piles shall conformto ASTM D25, Specification for Round
Tinber Piles.

2.2.1.2 Cutoff. Cut off piles at or below pernmanent ground water level. In
areas having semdiurnal tides, cutoff shall be at or below a | evel equal to
R/'3 above Mean Low Water (MW, where Ris the tidal range. In areas having a
diurnal tide, cutoff shall be at MW

2.2.1.3 Borers. Untreated piles shall not be used in |ocations where they
will be exposed to borers, except that use of untreated fender piles will be
permtted where experience denonstrates that such use is justified. In
general, untreated piles should not be used where they will be freestanding in
salt or brackish water

2.2.1.4 Seasoning. Seasoning for untreated tinber piles is not required.

2.2.1.5 Protection for Tops of Piling. Protection for the tops of piling of
untreated tinber is not required.
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2.2.1.6 Hardware and Fittings. Refer to Section 4 for information on
hardware and fittings.

2.2.1.7 Species. Any species of wood may be used that will provide the
necessary structural capacity and that will withstand the driving stresses.

2.2.1.8 Peeling. Peeling of untreated tinber piles is not required.
2.2.2 Treated Tinber Piles

2.2.2.1 Piles. Piles shall conformto ASTM D25, Specification for Round
Ti nber Piles.

2.2.2.2 Preservative Treatnent. Treated marine piling shall bear the
appropriate Anerican Wod Preservers Bureau (AWPB) Quality Mark as follows:
MP-1 (dual treatnment) for use in areas of extrene borer hazard and in marine
waters where Limoria and Phol adi dea attack may be expected, or where oi

slicks may contribute to borer attack, and MP-2 for other conditions where
pholad attack is not expected. MP-4 treatnent (water-borne preservatives) nmay
be considered. For specific requirenents at particular |ocations, consult
NAVFAC Engi neering Command, Pacific (PACDIV), Atlantic (LANTDIV) or North
Divisions (NORTHDI V), Applied Biology Office. Refer to para. 5.9 for
properties of treated wood

2.2.2.3 Seasoning. Seasoning of treated tinber piles is required prior to
treatnment.

2.2.2.4  Species. The preferred species is southern pine or douglas fir

Use of other species may be made subject to NAVFAC approval. AWPB Quality
Control Standards include a requirenment that the species be southern pine or
douglas fir. It is not normally necessary to specify species separately. In
areas where treatable soft woods are scarce, and if a treated pile is
required, consider the use of concrete piling

2.2.2.5 Protection for Pile Tops. Preferably, cut ends shall be treated by
puddling creosote. Puddling is acconplished by using a sheet netal ring to
forma reservoir on top of the pile. The reservoir is filled with creosote
oil and left to stand for 8 to 12 hours. Alternative protection methods
include coating pile tops with pitch (with or without sheet netal covers).

NOTE : Use of sheet metal covers as end protection for fender piles is
di scouraged because the covers are easily torn by inpact and
become a personnel hazard. However, sheet netal covers for
bearing piles under cross caps provide good protection. In
general, piling to be covered with other structural menbers
shall be fitted with waterproof caps

2.2.3 Untreated and Treated Tinber Piles

2.2.3.1 Lintations on Use. Tinber piles installed to end-bearing on rock
hardpan, caliche, or other sem -cemented materials require special care in
installation to prevent danage.

2.2.3.2 Lagged Piles. Double lagging shall be connected to the basic pile
material to transfer the full pile load fromthe basic pile material to the

7
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| aggi ng. The connection for single |agging shall be proportioned for one-half
the pile |oad.

2.2.4 Precast (lIncluding Prestressed) Concrete Piles

2.2.4.1 Mninum D nensions. The mnimum di mensions are 12 in. (304.8 mm
for piles of uniformsection and 8 in. (203.2 nm) for tapered piles.

2.2.4.2 Cover, The mininum clear cover for reinforcenent for permanent
installations in salt water shall be 3 in. (76.2 nmm. For tenporary
installations and in fresh water, cover requirenments shall conformto the
requi rements of NAVFAC DW 2.04, Concrete Structures, for normal exposure
condi tions.

2.2.4.3 Mnimum Reinforcenent. Excluding prestressed piles, the mnimm
| ongi tudi nal reinforcenent shall be 1.5 percent of the total cross section.

2.2.4.4 Ties. Spirals or ties shall be provided for |ongitudina
reinforcement. Proportion spirals and ties in accordance with the AC
provisions for structural colums except provide additional ties or spirals at
ends as indicated in NAVFAC P-272, Definitive Designs for Naval Shore
Facilities, Drawing No. 1293323.

2.2.4.5 lnpact. Forces induced by handling and driving shall be used with a
| oad factor of 1.25 (allowable overstress of 33 percent).

2.2.4.6 Jetting. Were jetting is contenplated, the jet pipe shall be cast
into the pile.

2.2.4.7 Cdass of Concrete. The class of concrete required is 5,000 ps
(34.47 MPa) mininumfor prestressed concrete, and 4,000 psi (27.58 MPa)
m ni mum for nonprestressed concrete.

2.2.4.8 Standard Details. For information on standard details, refer to
NAVFAC P-272.

4.9 Mninum Residual Prestress. The nininum residual prestress shall be
psi (4.83 Mra).

~N DN

2.
00
2.2.4.10 Mnimum Wall Thickness (Piles Wth Voids). Provide a mninum of

1-1/2 in. (3.81 nmm clear cover on inside face (surface of void). In no case
shoul d wal | thickness be less than 4 in. (101.6 mm.

2.2.4.11 Venting. If a void is provided which extends through to the | ower
end of the pile, vent the pile head to prevent the buildup of interna
hydraul ic pressure during driving

2.2.4.12 Tolerances. Voids, when used, shall be located within 3/8 in. (9.5
my) of the position shown on the plans. The maxi num departure of the pile
axis froma straight line, nmeasured while the pile is not subject to bending
forces, shall not exceed 1/8 in. (3.17 nm) in any 10 ft (3.05 m length or 3/8
in. inany 40 ft (12.2 m) length. COverall sweep shall not exceed 0.1 percent
of the pile length.
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2.2.5 Cast-in-Place Concrete Piles

2.2.5.1 Ceneral. Cast-in-place concrete piles are not recomended for
exposed locations and |ong unbraced |engths, especially when exposed to
sal twater corrosion.

2.2.5.2 (Casings. Casings shall neet the following criteria

a) Casings shall have adequate strength to withstand the driving
stresses and resist the distortion due to driving adjacent piles.

b) Except for portions of the pile enbedded nore than 5 ft (1.52 m
bel ow the ground |evel, |eave the casing above this level as sacrificial neta
when estimating the structural capacity unless protective coatings or
corrosion-resistant alloys are used. Metal of 1/8 in. (3.17 mm) or less in
thi ckness shall not, in any case, be considered as contributing to structura
capacity.

2.2.5.3 Mnimum Tip Dianeter., The minimumtip diameter of cast-in-place
concrete piles shall be 8 in. (203 m).

2.2.5.4 Reinforcenent. Sections of piling which are above the point of
fixity (as specified in para. 2.1.1.1) shall have sufficient casing thickness
to provide residual metal at termination of design service |ife equal to

m ni mum required reinforcement. Qtherw se, such sections shall be reinforced
with lateral ties and longitudinal bars in the same nmanner as precast piles.
Cover requirenents shall be as for precast piles. Spacers shall be provided
for longitudinal reinforcenent to assure that cover requirements are

mai nt ai ned.

2.2.5.5 OJass of Concrete, The class of concrete to be used in sal twater
shall be 4,000 psi (27.58 MPa) mnimum and for freshwater, 3,500 psi (24.13
MPa) m ni mum

2.2.6 Steel HPiles

2.2.6.1 Mninum Thickness of Metal. The thickness of metal shall be

determ ned from consideration of |loss of section as established in

M L- HDBK- 1002/ 3, Steel Structures, unless corrosion protection is provided as
described in para. 2.2.6.2. The minimumthickness shall not be less than 0.40
in. (10.55 m). Splice plates shall not be less than 3/8 in. thick

2.2.6.2 Corrosion Protection. Wien the required mni numthickness of neta
is excessive, corrosion protection in the formof concrete, bituninous or

pl astic (epoxy) coatings, or cathodic protection shall be provided. When
coatings are used, exercise special care to avoid damagi ng coatings during
driving the piles. Bitumnous or plastic coatings shall not be considered
effective bel ow the nmudline and they require special care so they are not
danmaged through rubbing against the driving frame or tenplate. In tropical
environments, and other |ocations where corrosion is particularly severe,
encase piling with concrete to 2 ft (0.61 m below MLW

2.2.6.3 Cap Plates. Cap plates are not required for steel piles enbedded in
a concrete pile cap. Were structural design depends on bending in the piles
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for stability, tie the tops of steel piles into the cap with reinforcing rods
or structural sections welded to the pile and | apping the cap reinforcenent.

2.2.6.4 Lugs. Scabs. and Core-Stoppers. Lugs, scabs, and core-stoppers may
be used to increase the capacity of end-bearing steel piles. In fact, where
Hpiling sections are used as friction piles and where such piles are subject
to severe inpact loadings, it is desirable to fit the ends with such devices
to prevent “driving” the piles under the action of the inpacting |oad.

2.2.6.5 Hardware and Fittings. Refer to Section 4 for guidance on
specifications for hardware and fittings for Hpiling.

2.2.6.6 Limtation on Use. The tips of all steel Hpiles having a thickness
of metal less than 0.5 in. (12.69 mm, and driven to end-bearing on sound rock
by an inpact hammer, shall be reinforced. (Observations of penetration

resi stance and the operation of the equipnent shall be conducted so as to
termnate driving directly when the pile reaches refusal on the rock surface.

2.2.7 Bell and Cylinder Piling and Screw Cylinders

2.2.7.1 Usage. Econonical use of cylinder piles is normally attained where
heavy noving | oads nust be supported, or where the piles must bear on rock or

other hard bottom at shallow depth, without sufficient overburden for latera

support.

2.2.7.2 On Hard Bottom (Rock or Hardvan). In general, a constant dianeter
shaft without the bell shall be used. Sloping surfaces should be leveled to
receive the shaft. The need for anchorage in the formof dowels or keys shall
be consi dered.

2.2.7.3 On Qher Bottom Surfaces. Shaft and bell construction shall be
considered if |oads are heavy enough to warrant use of the bell. Except where
supported on piling, enbed the bell 2 to 4 ft (0.61 to 1.22 nm) into firm

mat eri al .

2.2.7.4 Mninum Reinforcenment. Reinforcement shall be determned by design
requirements, not by a mnimm reinforcenent ratio.

2.2.7.5 Enbednent of Piling into the Bell. Enbednent of piling into the
bell shall be as required for transfer of load. Were trenmie placement is
enpl oyed, use 10 psi (69 kPa) bond resistance between pile and concrete, plus
conpression resistance of top of pile bearing in bell

2.2.7.6 Protection for Reinforcement. The requirenent for protection for
reinforcement shall be the same as concrete piling, except it shall be reduced
to 1-1/2 in. (38.1 nm where pernanent outer shell is provided.

2.2.7.7 Thickness of Metal Shell and Corrosion Protection. The
specifications for thickness of netal shell, and corrosion protection, shal
be the same as for Hpiling

2.2.7.8 lnstallation. Treme placement of concrete fill is permtted
Provide for final cleanout of the bell or base of the cylinder imediately
before concreting.

10
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2.2.8 Steel Pipe Piles. Pipe piles shall conformto the applicable
requi rements for both steel Hpiles and cast-in-place concrete piles (refer to
paras. 2.2.5 and 2.2.6), except as nodified in paras. 2.2.8.1 through 2.2.8.3.

2.2.8.1 Material. Mterial shall conformto ASTM A252, Wl ded and Steel
Pipe Piles, unless otherw se approved.

2.2.8.2 Qven-End Piles. Pipes installed open end shall be reseated to full
bearing after cleaning. If the pipe shell shows 2 in. (50.8 mm) or nore of
penetration on reseating, reclean and redrive in successive cycles until
penetration on redriving is less than 2 in. If the | eakage of water into the
pile is mnor, the pile shall be punped out and one cubic yard of grout shall
be placed before the balance of the concrete is installed. If the |eakage of
water nmakes it inadvisable to attenpt to place concrete in the dry, then the
shell shall be filled to its top with clean water.

The concrete is placed by the treme method to the top of the pipe in one
continuous operation or by using a grout seal of the sane strength as the
specified concrete. The grout seal, if used, shall be deposited by means of a
grout pipe to an elevation of at least 3 ft (0.91 n) above the bottom of the
pile. After a sufficient tinme has elapsed to allow the grout to set, the pile
shal | be punped dry and the renaining space filled with concrete.

2.2.8.3 End Cosure. For friction piles, end closures shall not project
more than 1/2 in. (12.7 nm) beyond the outer linits of the pile shell.

2.2.9 Conposite Piles. Size, capacity, and details of each section shall
conformto the applicable requirenents for each type of pile.

2.2.10 Sheet Piling--Steel. The requirements for steel sheet piling are
the same as previously established for steel Hpiling (refer to para. 2.2.6),
except as nodified in paras. 2.2.10.1 through 2.2.10.4.

2.2.10.1 Splices. Splices shall consist of full-penetration butt welds.
Splices, where the upper section of sheet is, driven as a follower to the |ower
section without positive connection between the two sections, will not be
permtted even though splice may occur at a point of zero noment.

2.2.10.2 Connection to Cap. A 6 in. (52.3 mm) m ni num enbednent shall be
used for concrete caps. The use of rods or structural sections for anchorage
of sheet piling into the cap is not required. For steel channel caps,
tack-wel d each sheet to the cap.

2.2.10.3 Sleeves and Oveninns. Al sleeves and openings for utilities
passing through the sheets shall be detailed to prevent loss of fill (see
Figure 2).

2.2.10.4 Mninmum Thickness of Mtal. For exposed face of cofferdans, 1/2 in.
(12.7 nmm) mnimum shall be used. El sewhere, a thickness consistent wth
design service life shall be provided. Thickness less than 3/8 in. (38 nm
may be used, but must be justified.

2.2.11 Sheet Piling - Concrete. Piling shall conformto the requirenents
stated above for precast concrete piles (refer to para. 2.2.4) except as

11
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OPENING BEHIND

R

’

GRAVEL FILL—— <. COLLAR

NOTE: ADD FILTER CLOTH OR SCREEN TO
PREVENT LOSS OF FINES (WEEP HOLES

ONLY).

Figure 2
Sl eeve Details

modi fied in paras. 2.2.11.1 through 2.2.11. 4.

2.2.11.1 Joints. Joints shall

the nudline.

2.2.11.2 Ties

be flushed and grouted and shal
Use of plastic sleeve is recomended (see Figure 3).

Spirals or ties for |ongitudina

be tight to

reinforcement are not

required, except at tip and driving ends.

2.2.11.3 End of Sheets. Sheets shall

(see Figure 3).

2.2.11.4 Sleeves and Oveninns

be cast with a drift-sharpened point

Enbed tops of sheets 6 in. (152.4 mm) into a continuous cap.

The treatment of sleeves and openings in

concrete sheet piling is simlar to the procedure followed with steel sheet

piling (refer to para. 2.2.10).

2.2.12 Sheet

Piling--Tinber. Tinber sheet piling shall conformto the

requirements in para. 2.2.3 for treated and untreated tinber piles except as
modi fied in paras. 2.2.12.1 through 2.2.12.5.

2.2.12.1 Treatnent.

Ti nber sheet piling shal

bear the AWPB Quality Mark

MLP. The types of treatment shall be as described for treated tinber piles.

12
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2.2.12.2 Joints, Joints shall be tongue and groove, or splined (or Wakefield
Type sheeting may be used). Sheet piling shall be tight to the nudline.
Tongue and groovesheets and splines shall have a loose fit

2.2.12.3 Dxift Sharpening. Tinber sheet piling shall be drift sharpened.

2.2.12.4 Tops of Sheets, Tops of sheets shall be drift-bolted or spiked to a
continuous tinmber cap. Wdth of the cap shall be equal to or greater than the
t hi ckness of the sheet piling. Thickness of the cap shall not be less than 2

in. (50.8 mr). Were a concrete cap is used, enbed sheets 6 in. (152.4 mm)
into the cap.

2.2.12.5 Sleeves and Qpenings. The procedure for incorporating sleeves and
openings in the use of tinber sheet piling is simlar to that with steel sheet
piling (refer to para. 2.2.10).

NOTE: PRECAST CONC.
OwW MUD LINE SHEET PILES

\ PLASTIC SLEEVE
GROUT

ABOVE MUD LINE
JOINT TREATMENT

)
o
HIrC

¢ JOINT

LY
\g

SHEET PILE ——

J—DRlFT SHARPENED

1~ poiNT

DRIFT SHARPENED POINT

Figure 3
Concrete Sheet Piling Details
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Section 3: DECK AND SUBSTRUCTURE FRAM NG AND BRACI NG

3.1 Substructure. The substructure shall include pile caps, under-deck
bracing, and other structural nenbers (other than stringers) at and bel ow the
| evel of the pile caps

3.1.1 Pile Caps - Al Types. The effects of differential settlements of
piles shall be investigated where

a) heavy concentrated |oads occur,
b) piles are |ong,

c) there is an appreciable variation in pile Iengths, and
d) pile types or installation nethods vary.

Differential settlement will not appreciably affect ultimte
strength if the cap can yield without buckling or fracture

3.1.2 Tinber

3.1.2.1 Hardware and Fittings. For requirements pertaining to hardware and
fittings, refer to Section 4.

3.1.2.2 Species and Preservative Treatnent. Except for tenporary
structures, substructure tinbers shall be given a preservative treatnent and
shal | be a species which will accept deep treatnent such as southern pine or
douglas fir. For permanent structures, use of untreated tinber is

di scouraged. Resistance to borers and decay of any untreated |unber--even of
species presuned to be of superior resistance--is still inadequate for |ong
term use. Species that do not accept preservative treatnent shall be encased,
or shall be used with full awareness of the need for maintenance.

3.1.2.3 Seasoning. Only seasoned tinber shall be used for fram ng

3.1.2.4 Mninum Dinension. Anininumof 3 in. (76.2 nm (nomnal size) in
and bel ow splash zone shall be used. Above the splash zone, the m ninmm size
shall be 2 in. (50.8 m) (nominal).

3.1.2.5 Retention and Penetration of Preservative. For guidance on the use
of preservatives, conformto requirements of AWPB Standard M.P. The type of
treatment used for treating tinber piles shall be used

3.1.3 Concrete
3.1.3.1 Cover. The cover shall conformto the requirenents of para. 2.2.4.2.

3.1.3.2 Chanfer. The mnimumchanfer for all corners shall bhe 3/4 in

(19.05 .

3.1.3.3 dass of Concrete. Concrete classes shall be as follows:

14
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a) Precast concrete and concrete in a saltwater environnent shall
be 4,000 psi (27.58 MPa) m ni num

b) For other types and applications, use 3,000 psi (20.68 MPa)
m ni mum

3.1.3.4 Dinensional Changes. Concrete undergoes dinensional changes due to
tenperature and shrinkage and tends to swell if cast in-the-dry and then
imersed in water. |If such changes are prevented, stresses develop in the
concrete. To mininize such stresses the follow ng construction details should
be observed:

a) Were thin concrete sections abut massive sections, allow for
differential movements or break contact length into short segnents by
expansi on j oi nts.

b) Were new concrete abuts old, allow for differential novenents,
or break contact length into short segments by expansion joints.

3.1.4 Steel. For incorporating steel substructures, conformto the
requirements for steel Hpiles (refer to para. 2.2.6).

3.2 Deck The “deck” shall include treads, planks, slabs, stringers
and other elenments supported by the pile caps

3.2.1 Tinber. Tinber used in the deck structure shall conformto the
requirements for substructure fram ng and bracing except as nodified bel ow.

3.2.1.1 Treatment. Except for conditions described in a) and b) bel ow, deck
fram ng and bracing shall be given a preservative treatment. Do not use
creosote treatnment on wal king surfaces or surfaces which normally will be
touched by people (handrails, for exanple). Treatnent is not required for:

a) Tenporary structures, or

b) Tinmbers above Mean High Water (MHW [evel, provided that
resi stant species (generally hardwoods) are used and the construction is
detailed to provide for circulation of air around the tinber and to mninize
the extent of faying surfaces

3.2.1.2 Hardware and Fittings. For information on hardware and fittings
refer to Section 4.

3.2.1.3 Treads. Treads used in the deck structure shall conformto the
followi ng materials and di nensions:

a) Cak, nmaple, birch, black gum or other species resistant to
wear, are preferred.

b) Treads shall not be over 12 in. (304.8 mm) wi de.

c) Treads shall not be less than 3 in. (76.2 mm thick (noni na
si ze).

15
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d) Amninmumof 3/8 in. (9.53 m) clearance between treads shall be
provi ded.

e) Preferably, attach treads to planks with drive screws; if treads
are nailed, a mninumsize of 20 penny nails shall be used.

f) Athough treads cannot be considered as |oad carrying nenbers,
they can be considered in evaluating distribution of |oad to the planks.

3.2.1.4 Planks. Planks shall conformto the followi ng criteria:

a) Planks shall be 12 in. (304.56 m) wide (max.).
b) A mninum clearance of 3/8 in. shall be provided between planks.

c) Preferably, attach planks to stringers or nailers with drive
screws. Were nailed, a mninumsize of 20 penny nails shall be used.

3.2.1.5 Details. The following details shall be adhered to when tinber is
used in deck structures:

a) Solid bridging shall be provided between stringers at points of
bearing and at internediate lines at 20-ft (6.10 m) naxi num spaci ng.

b) Stringers shall bear full w dth on caps. Adjacent stringers
shal | overlap caps.

3.2.2 Concrete

3.2.2.1 Ceneral. Conformto requirements for substructure framng and
braci ng, except that cover for reinforcenent shall conformto requirements of
DM 2.04 for normal exposure conditions

3.2.2.2 Deck Finish. The deck shall be broomfinished to provide a
ski d-resi stant surface.

3.2.3 Steel. Wien steel is used, it shall conformto the requirenents for
steel H piles (refer to para. 2.2.6).

3.2.4 CGeneral Provisions for Al Types of Miterials

3.2.4.1 Safety Provisions. The follow ng safety provisions shall be adhered
to:

a) Curb logs shall be provided to prevent vehicles fromdriving
off deck. Curbs should be a mininumof 10 in. (254 nm) high (preferably 12
in. high) by whatever width is required for strength. Scuppers shall be
provided as required. The mnimum size of scuppers shall be 2 in. (50.8 mj
by 8 in. (203 m).

b) For nonberthing faces, railing (fixed or renovable) shall be
provided for the safety of personnel

3.2.4.2 Drainage. Deck drainage shall conformto the follow ng requirements
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a) Pitch deck slab at a minimumof 1/16 in. per ft (1.59 nm per
0.3048 m to drain to scuppers or collection points

b) Were scuppers are permssible and feasible, use themin
preference to drain holes. Size scuppers as described in para. 3.2.4.1 a)

c) Were drain holes are required, size as required for |oca
rainfall intensity (25 year storm) with mininmumdianeter of 4 in. (101.5 nm).
Locate drain hol es between each pair of pile bents and at 20 to 30 ft (6.10 to
9.14 m spacing parallel to pile bents

d) Provide additional drain holes in service pits and in recesses
for mooring fittings.

e) Provide 1-1/2 in. (38.1 mm dianeter drains in rail slots, two
bet ween each pair of pile bents.

3.2.4.3 Special Drainage for Petroleum Offloading and Fueling Piers. The
foll owing requirement shall be adhered to pertaining to special drainage for
petrol eum of fl oading and fueling piers

a) An intercept system shall be required to collect oil spills. In
nornmal operation, deck drainage shall outfall through the sunp punps into the
harbor. If an oil spill occurs, pressing a deck-nounted button shall close a
mot or - operated outfall valve and start the sunp punps which punp the spill to
a collection point. Wen the spill drainage procedure is conpleted and all
oil is renoved fromthe system the system shall revert to normal operation

b) In some cases, the contaninated rainwater runoff of all deck

drainage (due to contact with residual drippings on the deck) shall be
col | ect ed.
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Section 4. HARDWARE AND FI TTI NGS ( PERVANENT | NSTALLATI ON)

4.1 Saltwater--1n or Bel ow Spl ash Zone

4.1.1 Mnimum Dianmeter of Bolts. The mininmmdianmeter of bolts shall be 1
in. (25.4 m).

4.1.2 M ni rum Thi ckness of Metal in Straps and Fittings. The m ni num

thi ckness of netal in straps and fittings shall be 1/2 in. (12.7 nm).

4.1.3 Coatings. Al hardware and fittings shall be gal vani zed except t hat
gal vani zing of ogee washers shall be optional

4.1. 4 Washers. Al bolts shall be provided with ogee washers. Plate
washers shall not be used without special approval of NAVFAC. In general, not
more than two washers should be all owed under any bolt head or nut. Inclined
bolts should be fitted with bevel ed washers.

4.1.5 Size of Bolt Holes. Al bolt holes in tinber (other than holes for
drift bolts) are to be drilled with a bit having a dianeter 1/16 in. (1.58 m)
larger than the diameter of the bolt shank. Alignment of bolt holes shal
allow insertion by tapping with a nallet. Driving or force fitting of bolts
is not allowed. Holes for drift bolts shall be 1/8 in. (3.17 mm) less in
diameter than the bolt dianeter. Al drill bits shall be kept sharp and feed
rate controlled to produce shavings, rather than chips.

4.1.6 Locking of Bolts. Nuts shall be checked or wel ded, or other
posi tive means of |ocking the bolts shall be provided.

4.2 Sal t wat er - - Above Spl ash Zone. Requirenents shall be as for
installations in or below splash zone except as modified bel ow

a) The mininum diameter of bolts shall be 3/4 in. (19.05 nm.

b) The nininum thickness of netal in straps and fittings shall be
3/8 in. (9.53 mm).

c) The use of ogee or plate washers shall be optional. The m ninum
t hi ckness of plate washers shall be 1/4 in. (6.35 nmmj.

4.3 Freshwater. Requirenents are the same for installation in
saltwater, in or bel ow splash zone, except as nodified bel ow

a) The mininum diameter of bolts shall be 5/8 in. (15.87 nmj.

b) The nininum thickness of netal in straps and fittings shall be
1/4 in. A mnimumthickness of 3/8 in. (9.5 nm is preferable.

c) The use of ogee or plate washers is optional. The m ni num
thi ckness of plate washers shall be 1/4 in.
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4.4 Special Applications

4.4.1 Stainless Steel Fittings. Stainless steel fittings shall be used
for special applications, if cost permts.

4.4.2 Through Bolts. Through bolts shall be used to the maxi num extent
feasible, for ease of replacenent.
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Section 5: SPECI AL CONSI DERATI ONS

51 Service Life. The provisions of ML-HDBK-1002/1, Structura
Engi neering: General Requirements, relating to service life (25 years) shal
apply except:

a) Estimating Service Life. Structures detailed in accordance
with this handbook shall be assuned to neet the service life requirenent in
para. 5.1.

b) Accessibility. Since waterfront structures are comonly
required to serve longer than 25 years, detail so that all areas or conponents
with an anticipated service life of less than 50 years can be inspected and
repaired.

c) Breakwaters. Breakwaters and other constructions whose design
is controlled by wave forces shall be proportioned to resist a design wave of
a 50-year interval of recurrence

5.2 Corrosion of Steel Piling. The principal factors affecting rate of
corrosion loss are:

a) Ceographical location

b) Zones relative to tidal planes,

c) Exposure to salt spray,

d) Sand, earth, or other cover,

e) Protective coating,

f) Abrasion conditions (surf zone versus deep water),

g) Stray electric currents, and

h) Type of soil
5.2.1 Rate of Corrosion Loss. Refer to Table 1 for sone experinentally
derived corrosion loss rates. See Figures 4 and 5 for some actual, neasured
profiles. To estimate service life, refer to Table 2 for approximate periods
of protection which can be expected to be afforded by various coating systems

and estimate rate of loss of netal thereafter fromTable 1, Figures 4 and 5,
or from other available experience

5.2.2 Tropical dimtes. Steel piling (carbon-manganese steel) shall be
faced with concrete in and above the tide range and to a mnimumof 2 ft (0.61
m below MW Steel sheet piling shall be capped with concrete and not with a
steel channel or tinber.

5.2.3 Use of Weathering Steels. The use of weathering steels shal
conformto the follow ng requirements:
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REF. LINE 375
TOP OF DECK : ORIGINAL
SHEET
AVERAGE SHEET THICKNESS {IN.) THICKNESS -
| .20 .25 .30 .35 .40
-5 I ! -
MHW | i ‘ ‘
-l0— —= =
45 -
P
K " RANGE OF
' RESIDUAL THICKNESS

55 - ] _— o e

-60 - ————
NOT ES
" LOCATION- CASCO BAY, MAINE
STRUCTURE - FILLED CELLS

ACE OF STRUCTURE- 27 YEARS
' PROTECTIVE COATING - COAL TAR EPOXY,ABOVE EL. 120

NO COATING BELOW EL.-20 "7

Figure 4
Measured Profile Envel ope--Steel Sheet Piling
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REF. LINE
MLW— ?0 25 .30 .35 .40 ﬁ5 ..'PO
: v ] 1 3 T y —
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SONCSUNN N NN SN NNNNNNN SONNNUNNNN NN NN
MINIMUM
RESIDUAL
THICKNESS
NESIDUAL. N
.436 ORIGINAL
i THICKNESS THICKNESS
- ’ .
RANGE OF — T
RESIDUAL
THICKNESS
-29 - §
}
MUDLINE NOTES:

LOCATION- CHARLESTON NAVAL SHIPYARD
STRUCTURE - PIER(AGE OF STRUCTURE- 37 YRS.)
PROTECTIVE COATING:

ABOVE EL.-3 - CONCRETE ENCASEMENT
BELOW EL.- 3 - UNKNOWN

. Figure 5
Measured Profile Envel ope--Steel HPiling
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Table 2
Period of Protection for Steel
to be Expected from Various Coating Systenms of Common Use

a

COAT DESCRIPTION b PERIOD OF PROTECTION®
Coal tar epoxy (15 to 20 mils thickness) 10 - 20 years
Galvanizing (7 to 9 mils thickness) 10 - 15 years
Metallized Aluminum 15 - 20 years
Concrete Encasement 25 years

a Marine exposure
b Coatings applied properly
¢ Periods of good to excellent protection, i.e., negligible loss of metal.

a) The following steels require coating in the splash zone and
other areas not boldly exposed to sun, wind, and rain: Al loy steels
conformng to the Anerican Society for Testing and Materials Specifications
(ASTM A242, Hi gh-Strength, Low Alloy Structural Steel; A588, Hi gh-Strength,

LowAlloy Structural Steel with 50,000 psi Mninmum Yield Point to 4-in. Thick;
or A690, H gh-Strength. Low Alloy Steel HPiles and Sheet Piling for Use in
Marine Environnents; and copper bearing steels conformng to ASTM A709,

Structural Steel for Bridges.

There are no data on the rate of corrosion loss fromsurfaces in contact with
the soil, so that consideration should be given to coating surfaces in the
sane manner and degree for carbon manganese steel (refer to ASTM A36,
Structural Steel).

b) If an alloy conformng to ASTM A690 is used, hardware shall
conform to ASTM A588.

5.3 Cathodic Protection. The desirability of providing cathodic
protection in accordance with M L-HDBK-1004/10,_ Cathodic Protection, for
wat erfront structures requires careful consideration, including the factors
described in paras. 5.3.1 through 5. 3. 4.

5.3.1 Efficacy. |In general, the rate of corrosion |oss below MWis
two-thirds to one-half the rate just below, at, and above MW Since cathodic
protection is effective only below MLLW it follows that cathodic protection
shoul d be acconpani ed by use of concrete facing or encasenent to and bel ow
MLLW A ternatively, future repair by partial jacketing shall be considered
in the econom c anal ysis.
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5.3.2 Maintenance Cost. The cost of electricity, replacement of anodes
and general repair of damage to wires and hangers shall be considered in the
econom ¢ anal ysi s.

5.3.3 Reliability of Miintenance Effort. A fully or partially inoperative
cathodi c protection systemdue to a | ack of maintenance and repair is all too
common. Routine schedul ed nmaintenance inspections shall be inplemented to
mnimze risk of failure of the cathodic protection system

5.3.4 Coating Systems in Lieu of Cathodic Protection. Because highly
effective coating systens exist, the use of coatings, in lieu of cathodic
protection, may be considered. For structural applications, itis the overal

| oss of sectional area or section nodulus that is inportant; pitting is not a
concern. Accordingly, objections to certain types of coatings (i.e. holidays
and smal | damages) which would be valid regarding their use for pipelines are
not significant for piling.

5.4 Effects of Bul bous Bows and Projecting Propeller Guards. Many
modem vessel s have a bul bous bow. Theoretically, with careful maneuvering
t hese protuberances shoul d not strike the fender systemor project under the
pi er. However, their effect shall be considered in the design of the fender
system in the design and |ocation of the outboard line(s) of piles, and in
the design of a berthing bul khead. Were feasible, the best solutionis to
overhang the fascia or to use canels. Figure 6 and Table 3 show the anount of
underrun of the bul bous bow of various comercial vessels approaching the
berthing face at various angles.

Al though the projections of destroyers, cruisers,and frigates are greater in
the lateral direction than those shown in Figure 6, underrun is not of concern
for these naval vessels because the projections are |ocated bel ow and behind
the waterline bow profiles. The exceptions are frigates of the FF 1040 and FF
1052 classes, which have projections extending |aterally beyond the hull. For
projections of propeller guards and stem planes for submarines, refer to
NAVFAC DM 26.6, Moring Design Physical and Enpirical Data. In general,
submarines are berthed using canels so that the underrun problemis not of
concer n.

5.5 Forces Due to Current and Propeller Swash. Current forces are
normal |y neglected in the design of harbor structures. However, the rationa
design of exposed piling as a colum, as described in Section 2, requires that
|ateral forces due to current be considered. The followi ng formula may be
used when estinmating current forces:

EQUATION: - (1lb-sec? 2 1
Q P - (___?E% ) x 1.5V (1)
wher e:
P = Pressure in pounds per square foot (lb/ft?

<
I

Velocity in feet per second (ft/s)
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TWIN SCREW RAIL FERRY 12500 dwt REEFER VESSEL 9350 dwt
0.5 1015 20 50 0.5 108 20 50
e ———

—

T ——

TRIPLE SCREW CONTAINER SHIP LNG CARRIER 22040dwt
35000 dwt
o] 10 20 50 5 | 20 20
———— b

LNG CARRIER 65340 dwt LNG CARRIER 482l6 dwt
0 0 20 50 0 5 101520 50
e —

LEGEND

————-— INDICATES SECTION
@ WATER LINE

INDICATES SECTION
THRU BULBOUS BOWS e

Figure 6
Hul | Configurations of Ships wth Bul bous Bows
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Table 3
Extensions Under Pier (Bulbous Bows)

ANGLE OF APPROACH (DEGREES)
VESSEL
5 10 20 30
9350 dwt i} 0.62 m 25m 3.72m
reefer vessel (2.03 ft) (8.20 ft) (12.20 ft)
12,500 dwt i} 20m 35m
twin screw (6.56 ft) (1151t
rail ferry
22,040 dwt B} - 24 m 3.75m
LNG carrier (7.87 ft) (12.3 ft)
35,000 dwt B} 26 m 3.0m
triple screw (8.5 ft) (9.85 ft)
container ship
48,216 dwt B} - 1.75 m
LNG carrier (5.75 ft)
65,340 dwt - 275 m 55m
LNG carrier (9.0 f) (18.0 ft)
dwt = deadweight tons
ft = feet
m = meters

LNG = liquefied natural gas

The coefficient 1.5 provides for roughness due to organic growh and for the
resulting shape of the pile. Increase the effective dianeter of the pile to
compensate for the effects of organic growth. Wen designing the bearing
piles within 20 ft (6.1 m) of a berthing face, assume a current velocity
generated by the propellers of tugs or departing vessels to be 8 knots.

5.6 Expansi on. Contraction. and Control Joints

5.6.1 (pen-Pile Platforns., For information pertaining to open-pile
platforns, refer to ML-HDBK-1025/1, _Piers and Warves.

5.6.2 Bul kheads. In normal practice, no expansion or contraction joints
are provided in the sheeting (whatever formit may take). However, expansion
joints are provided in the concrete cap and encasenent at approxi mately 30 ft
(9.14 m centers. If a tinber or steel channel cap is used, no novenent
joints are provided, but adjacent sections of the cap are not connected. No
movenment joints are provided in the anchor wall

5.6.3 Quaywal Is. Mverent joints shall be provided at approxi mately 300

ft (91.44 n) spacing. Such joints need not be carried through the sheet
piling nor do they need to extend nmore than 5 ft (1.52 m)bel ow MLLW
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5.7 M scel [ aneous Requi r enent s

5.7.1 Cenera

5.7.1.1 Service Life. The actual service life of waterfront structures
often far exceeds the specified design service life of 25 years. During this
period, types and sizes of ships and usage change. One of the npst inportant
aspects of the design of berthing facilities is flexibility to acconmodate
mul ti purpose usage, such as:

a) A mx of sizes and types of ship (submarines and carriers are
exceptions and often require dedicated berths), and

b) Nesting.

Anot her inportant consideration is to detail the design to provide ease of
mai nt enance and repair of both the structure and the utility services.

5.7.1.2 Protective Lighting. The need for protective lighting in the
fol lowing areas shall be considered. Lighting levels shall be as stated in

OPNAVI NST 5510.45B, _U. S. Naval Physical Security Minual) for:

a) Land approaches to piers and docks.
b) Water approaches to piers and docks.
c) Decks of open piers

d) Underside of platform decks of piers and wharves, including
trestles.

5.7.1.3 Energency Power. In general, any security area provided with
protective lighting shall have an emergency power source located within that
security area (refer to OPNAVINST 5510. 45B)

5.7.1.4 NAVAIDS. NAVAIDS shall be provided at ends of piers, wharves, or
quays. Cost of promnent, well-lighted nmarkers is negligible conpared to the
cost and hazard of a collision. Refer to DM 26.1, Harbors, for specific
requirements.

5.7.1.5 Eender System Even though not intended for berthing, all piers,

wharves, bul kheads, or quaywalls shall be provided with a fender systemin

consonance with the size of vessel that could be berthed (as limted by the
depth of water and the length of the berthing face).

5.7.2 Structural. Waterfront structures shall conform to the follow ng:

a) For bul kheads, where feasible, schedule dredging operations
after the bul khead sheeting is in place and tied back. For pile-supported
platform structures, schedule dredging operations to precede the pile driving
in order to mnimze disturbance to piles already in place.

b) Unless positive restriction can be assured for a waterfront
structure, assume that at some time during its service life a nobile crane
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will be used on its deck. Even if not part of the project criteria, design
for usage by a mobile crane of capacity specified in ML-HDBK-1025/1 as .
applicable to the type of pier being considered. Use a load factor of 1.15 if
rare and incidental use is intended, or higher |oad factors if nore frequent
use is judged to be probable.

c) Recess hol d-down bolts in bases of mooring fittings to avoid
interference with lines, and fill pockets with |ead.

- d) To the extent feasible, use through-bolts in sleeved holes for
fastening mooring fittings and fender system conponents to structures.

e) Allowable tension in concrete in a seawater environment is the
sane as in an upland environnent (refer to Anerican Concrete Institute,
ACl -318, Building Code Requirenments for Reinforced Concrete).

5.7.3 Uilities. In designing waterfront utilities, layouts shall be nade
of all proposed and potential future services to check for fit, interferences,
and accessibility. Provide for future installation of additional lines if the
cost of doing so is not excessive. Additional size of trench, additional size
in utility stations, roomfor expansion of substations, and--nost

i mportant-- sl eeves and clearance, should be considered. Include the assuned
configuration of hoses and connections fromutility stations on the structure
to stations on the ship. Check to see if the weight of the hose or cable wll
require a jib crane, boom or other special device for handling.

Security neasures shall be provided to prevent unauthorized access to key
itenms of equipnent such as swtchgear, fire punps, punp wells, or caisson
gat es.

5.7.3.1 Abovedeck Lines. If feasible, do not place service |ines bel ow deck
level unless in trenches or in ballast. |If the use of trenches or ballast is
inpractical or grossly unecononical, lines shall be protected from corrosion
by hi gh-performance coatings. Do not place service |ines where they will be
directly exposed to saltwater or to salt spray unless protected by coatings.

5.7.3.2 Underdeck Lines. Were exposed underdeck |ines nust be used, l|ocate
t hem behind protective piles or high enough to avoid inpact damage from
floating ice or debris. Do not place service lines where they will be subject
to inmpact of drift. Wrk platforms and access shall be provided at underdeck
valves and other operating fittings. For underdeck lines, drain valves shall
be placed in accessible locations to avoid any necessity for clinbing over the
side of the platform

5.7.3.3 Qutlets. Connections. and Access Hatches. CQutlets and access
hatches in decks shall have flush-nounted covers and are to be detailed to
elimnate any danger of tripping. Flush deck service outlets are shown in
Figure 7. Were outlets and connections nust protrude above the deck |evel
cover themin a manner that will ensure personnel safety and prevent any
possibility of mooring |ines being secured to the piping. See Figure 8 for
suggested details. Do not place outlets or connections where they will be
directly exposed to saltwater or salt spray unless protected by coatings.

5.7.4 Dredging Under Platforns. A set of soundings taken under an open
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’ / /——DECK SLAB
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ANTIMOORING WALL

ELECTRICAL SERVICES

Figure 8
Protection of Wilities Above Deck Level
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pile platform shortly after dredging, or after sone years of accretion of
silt, typically looks Iike Profile Ain Figure 9. Particularly for closely
spaced bents, the restraint offered by the piles results in a slope steeper
than the normal angle of repose. Eventually, this material wll slough, or
wash down into the slip. |If the material is soft or loose, or for granular
soils, it flows around the piles and no harmresults other than additiona
mai nt enance dredging. The lateral |oads on the piles due to noverment of the

soil are small. For cohesive soils, however, blocks of material may tend to
nove, or a mass failure (curve B of Figure 9) nay devel op, either of which can
exert substantial lateral forces on the piles, which the piles are ill-suited

to resist. Accordingly, at |east for cohesive soils, washing down of the soi
under the pier should be specified every few cycles of maintenance dredging.
Initial dredging should include a controlled slope under the platform (not
just dredging up to the fascia and letting the soil fall in), and the initia
dredged sl ope should be flattened as shown in Figure 9 to neet the daylight
l'ine of probable future dredging.

¢ OF PIER

PROFILE A

DREDGE TO MEET 't

DAYLIGHT LINE OF '\ N
FUTURE SLOPE N ~

\ 0
POTENTIAL MASS, Yo NN
FAILURE ~_ O
STABLE SLOPE FOR '-—J‘-T N __{FUTURE DREDGE
c

F
FUTURE DREDGE DEPTH URVE B

PROPOSED DREDGE,
PTH ’

LIANNYT L 7

Figure 9
Dredgi ng Under a Platform
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5.8 Detailing Fenderinn Systemto Resist Effects of Rolling of the
Vessel . A fender systemis designed to resist the inpact of an approaching
vessel . Commonly, the inpacting blowis assumed to occur flat on to the
fendering, i.e., assunming no list on the vessel. This is not always correct;
when berthed al ongside, the vessel rolls. The consequence of both of these
events is that certain details, such as those shown in Figure 10, work
poorly. A fender system should be detailed on the assunption of 5" roll or
list of the berthed, or berthing, vessel.

INCLINATION OF VESSEL CURB LOG
oy BRINGS HULL INTO CONTACT ___| SET BACK
WITH CURB, CURB SPALLS. FROM FASCIA
‘L <PIER DECK | -
SUSPENDED - AP s x \ | e e
RUBBER @P , T
oF! . b b ¢
FENDER | | INCLINATION OF VESSEL \r T
IS BRINGS POINT OF CONTAC .
l- S TO BOTTOM OF CANT- ‘ .,
_ ILEVER, CAUSING LARGE o
| TENSION IN BOLTS
SECURING UPPER WALE. { |
| BOLTS FAIL. |
L
A. CONCRETE CURB B_HANGING FENDER
INCLINATION OF VESSEL BRINGS —
HULL INTO CONTACT WITH | /'_ -+
UTILITY. —
I
| 1
T
I N D Uy e
TOP OF TRENCH MusT BE—~[- | | 11" 1 T —= —
STIFFENED TO RESIST /
CONTACT FORCES. 5 5
IERAER N
[ L@

C. UTILITY STATIONS

Figure 10
Some Details Wich are Affected
By List or Roll of Berthing (or Berthed) Vessels

33



M L- HDBK- 1025/ 6

5.9 Strength of Wod Wich Has Been Gven a Preservative Treatment. For
treated douglas fir or southern pine (piles or sawn tinmbers), reduce strain
strength, and energy absorption properties as indicated in Table 4.

5.10 Fire Protection Requirenents

5.10.1 (eneral. The provisions of the National Fire Protection Association
(NFPA) Standard NFPA 87, _Construction and Protection of Piers and \Warves,
and of M L-HDBK-1008, Fire Protection for Facilities Engineering. Design. and
Construction, shall apply. The follow ng supplenmentary rul es have been
provi ded for ease of reference:

a) Do not rely on |low pressure water connections as an adequate
fire protection system

b) The fire protection system shall be capable of use for fighting
fires on and in vessels berthed at the pier, wharf, or bul khead, as well as a
fire on and under the structure.

c) Fire protection system shall be tailored to the type and
condition of vessels being berthed. For exanple, a saltwater systemwould be
I nappropriate at nost submarine berths

d) Do not use flush deck-type valved outlets in |ocations subject
to accunul ations of ice and snow.

e) Wiere wood deck or wood piles are used, provide firewalls across
the width of the pier at a maximumof 150 ft (45.72 m) intervals. Firewalls
are to extend fromthe underside of the deck to MLLW

f) Whatever the materials of construction (including noncombustible
materials), provide 6 in. (152 nm) dianeter holes (mninun) wth renovable
covers and, where feasible, provide asbestos-cenent liner in the deck to
permt insertion of spray nozzles to fight bel ow deck fires such as those due
to floating, burning oil. Locate these holes on a 25-ft (7.62 m) maxinumgrid

Detail the fender systemto permt access at intervals not
exceeding 150 ft (45.72 m to fight floating fires. Access nmanholes in the
deck are not desirable.

h) If a shed is provided, do not support the shed colums on tinber
grillages or piles unless the use of tinber is restricted to areas bel ow the
| evel of pernmanent saturation (generally about mdtide level). A concrete
pedestal shall be built around the |evel of permanent saturation

1) A standpipe line in a pier shed shall be provided so that
firefighting equi pnent need not go into the pier shed to fight a fire.

j) Shotcrete or concrete jacketing to nean |low water is recomended
for wood piles.
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Table 4
Properties of Treated Wods

AVERAGE PROPERTIES

TYPE OF MODULUS MODULUS %Es%“;gs COMPRESSIVE
TREATMENT OF ELASTICTY | ABSORB. STRENGTH
RUPTURE | IN FLEXURE R Fe
psi | % :;2? % '"i;g’/ % | psi %
Fir

Untreated 8,394 | 100 1.922 100 | 6.388 100 | 3,346 100
Creosote 6,862 82 1.584 82| 4.202 66 - -
ACA dual 6,111 73 1.637 80 | 3.069 48 | 2,714 81
CCA dual 3,844 46 1471 61| 3.364 53 | 2,333 70
ACA 5,620 67 1,416 74| 2.078 33 | 2,462 74

Pine

Untreated 8,007 | 100 | 1.942 | 100} 5.240 100 - -
Creosote 5,950 74 - - - - - -
ACA dual 4,725 59 | 1.568 81| 2.829 54 - -
CCA dual 4,167 52 | 1.441 74| 2.413 46 - -
ACA 5,534 69 | 1.538 79 - - - -

CCA 5,410 68 - - - - - -

NOTES: 1) Where no value is provided, it is because of the large spread in
measured values for a small number of samples.

2) % = the percent of the value for untreated wood.

3) Source: Civil Engineering Laboratory, Technical Note (TN) No. N1535
Mechanical Properties of Preservative Treated Marina Piles - -Results

of Limited Full-Scale Testing.
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Section 6: STRENGTH EVALUATI ON OF EXI STI NG WATERFRONT STRUCTURES

6.1 Evaluation of Strength of Existing Miterials.

6.1.1 CGeneral . The provisions of ML-HDBK-1002/1 relating to the use of
used and unidentified materials shall apply.

6.1.2 Nunber of Tests Required to Establish Strength of Ungraded
Materials. Were documentary data as to quality of the existing material is

| acking, the strength shall be established by tests of the material. The
strength of material to be assumed for strength evaluation of the structure
shall be the value which sanpling and test indicates to have a 95 percent
probability of being exceeded. Not |ess than four sanples shall be tested.

Strength Calculation., Calculate the strength of material for a
given set of tests as:

EQUATION: S=x -0t
2
where:
b'4 = average (arithmetic mean) of tests
o = standard deviation of the test values
(A normal distribution curve may be assumed.)
t = a factor (see Figure 11)

4 /

7
Ve

Q 5 iC 15 2C 2%
NUMBER OF INDIVIDUAL TESTS(n)

Figure 11
Val ues of “t” for a Gven Nunmber of Individual Tests
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6.1.3 Tests and Test Speci nens

6.1.3.1 Steel Menbers. For steel nenbers, take test specinens from

| ocations and as described in ASTM A6, Standard Specifications for Cenera
Requirenents for Rolled Steel Plates, Shapes, Sheet Piling and Bars for
Structural Use.

6.1.3.2 Concrete Menbers. For concrete nenbers, use of drilled cores and
sawed beams shall be as described in ASTM C42, (btaining and Testing Drilled
Cores and Sawed Beans of Concrete

6.1.3.3 Wod Menbers. For wood nenbers, stress-grade visually as described
in ASTM D245, _Standard Methods for Establishing Structural Gades and Rel ated
Al lowabl e Properties for Visually G aded Lunber.

6.2 Conmputation of Strength of the Structure. Analysis shall be based

on neasured in-place dinensions and as-built conditions. A badly deteriorated
or obviously overloaded structure often continues to support the applied |oads
with no discernible indications of distress. It is inportant to consider the
factors to this phenomenon when eval uating the strength of an existing
structure. The nore inportant of these factors are presented in paras. 6.2.1
through 6. 2. 8.

6.2.1 Sipplifying Design Assunptions. Structural design commonly enploys
sinplifying assunptions intended to make the design effort nore nanageabl e.
These assunptions, necessarily, are conservative. Often, they |eave
substantial excess strength; for exanple,in presenting the distribution of
concentrated loads to a slab, and in the structural design of variable
sections.

6.2.1.1 Distribution of Concentrated Loads to a Slab. Conventiona
procedures, such as those described in the references of M L-HDBK-1002/ 3,
DM 2.04, and the Anerican Association of State H ghways and Transportation
Oficials (AASHTO, grossly underestimate this distribution. Use grid
analysis (and conputer) to obtain nore realistic answers

6.2.1.2 Variable Section. Figure 12 shows the cross section of a pier
supported on steel Hpiles. The upper portion of the piles was jacketed with
concrete to protect against corrosion. The stiffening effect of the jackets
reduced the slenderness ratio (L/r) by 10 percent and increased the structura
capacity of the piles by 25 percent.

6.2.2 Locations of Wakened Sections. Menbers are proportioned for
maxi mum stress conditions. The section required at points of maxi mum stress
frequently is carried for the full length of the menber to minimze the costs
of fabrication or of formwork, or for aesthetic reasons. |[f the
deterioration of a nenber is localized and does not occur at a point of

maxi mum stress, the strength of the section may not be inpaired. For exanple:

a) The piles shown in Figure 12 had suffered substantial corrosion
loss in the level just below the bottom of the jackets. Loss of section up to
40 percent was neasured. However, the magnitude of loss was limted to a
distance of a few feet. Below this area, corrosion attack was |ess. Analysis
of colum capacity based on actual, measured sections indicated capacities
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Figure 12
Pier on Steel HPiles

were 20 percent or nore, greater than if the maxi num|oss had occurred over
the full length of piles, or at the mddle of the buckling |ength.

b) Figure 13 shows a stringer of a trestle. Leakage through the
expansion joint over the abutnent has corroded the flange until there is
little section left. However, there is negligible moment at this section.
Accordingly, the loss of flange material is not critical.

6.2.3 Changed Design Standards. If the design is based on an elastic
anal ysi s, reanalysis on the basis of ultimte strength, of plastic
redistribution of nonents, or of relief of noment based on the concept of the
yield line frequently will indicate a greater capacity.

6.2.4 Design Live lLoads. Design live |oads are seldomrealized in
practice. The actual and the design | oading conditions shoul d be conpared.
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Figure 13
Corrosion of a Stringer

6.2.5 Excess Section. The design may incorporate excess strength by way
of sacrificial metal, by sizing the nmenbers to the next heavier section, or to
a lighter but stronger section, or by satisfying requirenments for mninum
thi ckness of netal or limting deflection. Piling, in particular, often is
sized to resist driving stresses (or for load transfer to the soil). Static
stresses are mch |ess.

6.2.6 Increased Strength of Concrete Wth Age. An increase of 30 percent,
after 2 years, conpared to the 28-day strength, would be a reasonabl e
expectation. The resulting increase in nmoment capacity would be about 6
percent.

6.2.7 Change of Structural Action. The structural action may differ from
that assuned for purposes of design. Odinary beans and slabs are a common
case in point. These are proportioned on the basis of flexural behavior.
However, except for large ratios of span to depth, pure flexural action is not
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achi eved, and the menber resists the load at |east partly, by catenary action
(see Figure 14) or arching (see Figure 15). Conposite action nay devel op
which was absent in the original construction (see Figure 16). Yield points
may devel op, changi ng the noment di agram and reactions, thus increasing sone
and decreasing others, with the changes often being noncritical (see Figure
17).

6.2.8 Change in Loading. In sone cases, the design |oad represents a
tenporary or construction condition, and the service |oads are of |esser
magni t ude. For exanple, consider a retaining wall. If the wall is well
drained, maxinum lateral pressure will occur during and shortly after
backfilling with the active pressure decreasing with tine. Another exanple is
that of a hydraulic fill. The lateral pressure decreases as the fill drains
Borings will help in evaluating actual, in-place soil properties at the tine
that evaluation is nade.

6.3 Eval ion of ncr rength B f L T

6.3.1 Met hod. The provisions of Chapter 20 of AC -318 shall apply,
suppl emented as described in paras. 6.3.2 through 6.3.4.

6.3.2 Test Load. Dinensions of 1.4D + 1.7L shall be used where live |oad
is the reduced load (for tributary area). This increased |oading intensity
will require careful observation and control to preclude precipitating
col l apse. For this purpose, load in six increnents, rather than four, and
where feasible, use water loading provision for emergency drainage

6.3.3 Lateral Loads. Lateral |oads which are simultaneous with vertica
| oads shall be simulated in the test.

6.3.4 Loaded Area. The |oaded area shall be |arge enough that reserve of
strength due to continuity and three dinensional action of the structure is
properly reflected in the test.

6.4 Piles

6.4.1 Structural Capacity. Existing piles shall be checked for effects of
deterioration. A reconnaissance survey should be made to identify areas of
"worst conditions." | Measurement of overall residual strength of 1 percent to
2 percent (but not less than 4) of the piles will be considered as an adequate
statistical sanple on which to base judgnent of capacity. These shall be the
“worst” piles of the group, as identified in the reconnai ssance survey.

Consi deration shall be given to probable, future progression of |oss of
strength. Oten the nudline under a platformhas accunul ated wel | above the
nornmal , stable slope line drawn fromthe existing dredge |evel alongside the
platform This material shall be discounted in estimating the unbraced pile
length (L). Should future dredging to greater depth be contenplated, consider
the increased pile length that would result.

6.4.2 Capacity of the Soil to Support the Pile. Unless specia
circunstances prevail, for exanple, loss of support due to dredging, assune no
change from capacity as installed. Wiere installed capacity is not known,
consider the use of |oad tests to establish capacity.
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Catenary Action Due to Cracking of Reinforced Concrete Member
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Arch Action Due to Spalling of Reinforced Concrete Menber
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STEEL SHEET PILING
PMA22 SECTION

NOTES: 1) DESIGN STRENGTH PREDICATED ON EACH
SHEET PILE ACTING INDIVIDUALLY.
SECTION MODULUS=5.4ind PER FOOT
OF WALL (PMA 22 SECTION)

2) IF INTERLOCKS RUST TIGHT AND CAN
DEVELOP SHEAR, NEUTRAL AXIS SHIFTS
TO N.A.2 AND SECTION MODULUS IS
INCREASED TO 7.1in3 PER FOOT OF WALL,
AN INCREASE OF 32%.

3) STEEL SHEET PILING HANDBOOK
RECOMMENDS USE OF SECTION MODULUS
OF 6.8in® PER FOOT OF WALL
(PMA 22 SECTION).

Figure 16
Increase of Strength of Sheet-Pile Wall Due to Aging

6.4.3 Sheet Piling. The capacity of sheet piling to support vertical
| oads shall be taken as one-half the value indicated by conventional formulae

relating capacity to driving resistance.

6.4.4 Interpretation of Load Tests. For interpretation of |oad tests
refer to DM7.01, DM 7.02, and DM 7.03.

6.5 Strengt hening an Existing Structure

6.5.1 Met hods. Methods of strengthening existing structures are
illustrated in Figure 18.

6.5.1.1 Plating Were the top of flange is not accessible for adding cover
pl ates, reinforcement can be added to the web plate. The beam shal |l be
relieved of load before the reinforcenent is added. Wien cover plates are

added, the flange to web connection and the web plate stresses at the toe of
the fl ange shall be investigated.

6.5.1.2 Conposite Action. Beam section properties can be materially
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increased by causing the concrete slab to act conpositely with the beam The
slab serves as a top cover plate

6.5.1.3 Prestressing. Jacks can be used effectively to reduce stresses in
existing flanges. Cover plates are welded before renoving jacks.

6.5.1.4 Shear Reinforcenent. Vertical stirrups serve as hangers that
support the beam fromthe uncracked portion of concrete near the col um.

6.5.1.5 Flexural Reinforcement. Longitudinal reinforcenent can be added
effectively if positive neans for preventing separation and for transferring
hori zontal shear are used.

6.5.1.6 Colum Reinforcenent. Colum sections may be strengthened by adding
concrete with longitudinal and |ateral reinforcenent or by adding unreinforced
concrete restrai ned by hoop bars.

6.5.2 Conpatibility. The design details shall enconpass any inherent
inconpatibility of old and new materials. Provision shall be made to resist
separation forces. New concrete shall have a different nodulus of elasticity,
coefficient of thermal expansion, and shrinkage than old concrete. Consider
differing expansion effects due to differing absorption of noisture. Provide
resi stance against “curling” due to thernal gradients.

Conpatibility of connectors nust be considered. For exanple, rivets or bolts
are not conpatible with welds. Friction bolts are not conpatible with
rivets. Creep is an inportant factor.

6.5.3 Dead Load Versus Live Load Stresses. Unless the load on a structure
is relieved (for exanple, by renoval or by jacking), the existing framng will
continue to carry:

a) the full dead load of the construction,

b) any part of the live load which is in place when the new franm ng
I's connected, and

c) a proportionate share of the live |oad subsequently added.

The new framing will carry only a part of the live load. As a result, under
the final |oading condition, the stresses in the new and existing material of
the same or simlar nmenbers will be different, often radically so.

For exanple, assuming a 1:1 ratio of dead to live load and of new to existing
material in the cross section of a given menber and disregarding plastic
deformation, the stress in the existing material would be three tines the
stress in the new. As a result, the new material cannot be stressed up to

al l owabl e val ues without sinultaneously overstressing the existing sections.
It is necessary either to provide an excess of new material or to relieve the

| oad on the structure before strengthening.

6.5.4 Exception. Para. 6.5.3 may not apply if plastic deformation of the
structure (and its associated, increased deflection) can be permtted. For
exanpl e, as regards flexural nenbers, in general, the plastic hinge nonent
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capacity is not reduced by |ocked-in stresses, but for conpression menbers,
| ocked-in stresses reduce the buckling strength. The nmagnitude of the
reduction is a function of the L/r value shown in Figure 19.
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Figure 19
Effects of Residual Stress on Columm Strength

49



M L- HDBK- 1025/ 6
Section 7: DETER ORATION OF WATERFRONT STRUCTURES

7.1 Causes. The nore common causes of deterioration associated wth
steel, concrete, and tinber waterfront structures are given in paras. 7.1.1
through 7.1.3.

7.1.1 Steel Structures. For steel structures deterioration is caused by:

a) corrosion (see Figures 20 through 22),
b) abrasion (see Figure 23), and
C

) inpact.
7.1.2 Concrete Structures. In concrete structures deterioration is caused
by:
a) corrosion of reinforcenent,
b; chem cal reactions (see Figure 24),
c) weathering (see Figure 25),
d) swelling of concrete (see Figure 26), and
e) inpact (see Figure 27).
7.1.3 Tinmber Structures. In tinber structures deterioration is caused by:
a) corrosion and abrasion of hardware (see Figures 28 and 29),
b) borer attack,
c) decay, and
d) inpact.
7.2 Preventive Measures in Design and Construction
7.2.1 Steel Structures

7.2.1.1 CGeneral. Al parts that will be subject to corrosion shall be
accessible for inspection and repair. If not accessible, encase with concrete
or provide some other long-life, high-resistance type of coating

7.2.1.2 Shapes. Shapes shall be selected that have a m ni num of exposed
surface. For exanple, use T's instead of double angles.

7.2.1.3 Detailing. Detailing shall be designed so that accumul ations of
dirt and debris will be avoided. Avoid narrow crevices that cannot be painted
or sealed. Draw faying surfaces into tight contact by use of closely spaced
stitch rivets, bolts, or welds. Prine faying surfaces before assenbly.

7.2.1.4 Moninum Thi ckness of Metal. For piling, deck and substructure
fram ng and bracing, and hardware and fittings, refer to Sections 2, 3, and 4
respectively. For other framng, no mninum thickness requirement is

est abl i shed.
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Figure 20
An Advanced Case of
Corrosion of Steel Sheet Piling
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NOTE

21(a) 21(b)

Figure 21(a) shows the appearance of the beam before renoval of
the rust scale. Except for sone pitting and tubercul ations, it
| ooks relatively sound. Figure 21(b) shows the sane view after
the rust scale had been partly renoved by hamrering.

Note that the entire appearance has changed, revealing a very
serious condition of corrosion. The flange has been reduced to
sheet netal, with holes indicated by the arrows.

These photographs illustrate the fact that the severity of

corrosion in a steel menber should not be judged until after
the rust scale has been renoved

Figure 21
Corrosion of Low Water Brace Beam
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Figure 22
Corrosion of Steel HPiles

7.2.1.5 Drainage. In general, detailing framng to shed water is the single
most inportant factor in inhibiting corrosion and deterioration of coatings
(except the need for good workmanship). If the potential for ponding is
unavoi dabl e, provide drain holes. Drain holes shall be a nmininumof 4 in.
(101.6 mm in dianmeter to inhibit clogging.

7.2.1.6 Sacrificial Mtal. The use of sacrificial netal shall be avoided in
favor of using protective coatings.

7.2.1.7 Cathodic Protection. For information pertaining to Cathodic
protection refer to para. 5.3.

71.2.2 Concrete Structures

7.2.2.1 dass of Concrete., For information pertaining to concrete classes
refer to Sections 2 and 3.
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Figure 23
Result of Abrasion of
Steel Sheet Piling in Surface Zone

7.2.2.2 Cover Over Reinforcement. For information pertaining to covering
for reinforcement, refer to Sections 2 and 3.

7.2.2.3 Qualitv of Concrete. Good quality is the inportant factor in
obtaining a dense concrete. This, in turn, is the nmost inportant factor in
preventing penetration of moisture, which is the prinary cause of
deterioration of concrete. Do not use poorly graded aggregate, or a

wat er-cement ratio greater than 6 gal (22.71 1)/sack of cenent, reduced to 5
gal (18.92 1)ssack of cement for thinner sections such as slabs and wherever
clear cover over reinforcement is 2 in. (50.8 nmm) or less. Watertight
concrete can be obtained by using air entrainment (nmaximum 6 percent by
volume) and a water-cenment ratio not greater than 5 gal/sack of cenent.
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s T

Notice the protrusion of aggregate particles from cement-sand matrix; abrupt
limit of deterioration near high water mark (black horizontal band on the
pile); and spalling of corners due to corrosion of corner bars.

Figure 24
View of Concrete Pile
Deteriorated by Seawater--Sulphate Attack
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Deterioration of precast concrete piling in a marine environment. Observe the
condition of the piles in the rear row of verticals. The condition shown was
attributed to weathering plus abrasion by floating ice. The reinforcing bars

are still in relatively good condition. The structure was about 17 years old
when this photograph was taken.

Figure 25

Spalling of Concrete Due to Weathering
(Freeze-Thaw)
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CRACK
/

/f—_____SOUDPER

-

This pier was built in a cofferdam  Concrete was placed “in-the-dry.” After
removal of the cofferdam the dry concrete becane saturated and swelled.
Above the saturation line the concrete did not swell. Cracking resulted from

the differential expansion. Heavy reinforcement in the cap section prevented
the crack from propagating to the top of the pier.

Figure 26
Swel Iing of Concrete Due to Absorption of Water
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Figure 27
Damage to Concrete Pile Due to Berthing Impact
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Notice the mnecking-down of bolts and that the necking-down 1is localized
where the bolt shank was exposed (next to the washers (A), and between
adjacent timbers (B)). Note also, the distortion and enlargement of the holes
in the washers (C). Observe also that some of the bolts have no heads; they
were corroded away. Similarly, no nuts were found; presumably, they too were
corroded away. The bolts were held in place by friction until lateral forces
due to waves and ice pulled them loose, at which point bolts and timbers were
lost.

Figure 28
Samples of Hardware Taken From Pier Structure

7.2.2.4 Types of Concrete. Type III (high early strength) cement is
excessively susceptible to sulphate attack, and shall not be used. In
general, avoid the use of Type I cement in a saltwater environment. Type II
(sulphate-resistant) cement shall be used. The use of Type V (high
sulphate-resistant) cement is seldom required.

7.2.2.5 Expansion Joints. Provision shall be made for an adequate number of
expansion joints. Use types of expansion joints such as double bents with
movement taken up by bending of the piles or elastomeric pads (see Figure 30)
with some form of joint sealer. Types of expansion joints to be avoided are
shown in Figure 31. Experience indicates that such joints do not give good
service.

7.2.2.6 Tropical Climates. In tropical climates, in areas subject to salt
spray, consider the use of galvanized or plastic coated reinforcing bars. If
plastic coated bars are used, pay special attention to bond stresses.
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Notice the distortion and enlargement of holes in washers. Corrosion of bolt
heads and nuts loosened the connections. The resulting working of the timbers
caused the bolt shank to "saw" on the washers, wearing both shank and washer.
After a while, the hole in the washer was enlarged and the size of the bolt

head was reduced (by corrosion), permitting the bolt head to be drawn through

the hole in the washer, thus freeing the connection.

Figure 29
Detail of Washers Shown in Figure 28
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Recommended Types of Expansion Joints
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Figure 31
Types of Expansion Joints Not Recomrended
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7.2.2.7 Mx. Excessively rich mxes, over 6 bags per yd’ (0.764n3),
shal | be avoi ded, as excess cement tends to enhance the potential chem ca
reaction wth seawater.

7.2.2.8 Jackets and Facings. Tinber jackets for concrete piles (see
Figure 32) and stone facing for concrete seawalls work extrenely well to
prevent deterioration due to corrosion of reinforcenent, weathering, and
chem cal attack. They tend to isolate the concrete from chemcal constituents
in the environnment, insulate against freezing, and keep free oxygen fromthe
reinforcing bars. See Figure 26 for conparison of precast concrete piling
installed w thout tinber jackets.

7.2.2.9 Aggregate. For nost aggregates, al kali-aggregate reaction can be
prevented by specifying maxi mum al kali content of the cenent (percent Na,0,
plus 0.658 times percent K,0) not to exceed 0.60 percent.

7.2.2.10 Surf Zone, In a surf zone, the concrete cover and streanline
sections shall be increased to prevent abrasion. The best solution, if
economcally feasible, is a granite or other hard facing

7.2.2.11 Additives. Calciumchloride (as an accelerator) shall not be used
in prestressed concrete and concrete exposed to seawater. The use of cal cium
nitrite or other chemcals as a deterrent to corrosion of enbedded reinforcing
steel is not an adequate substitute for good quality concrete and adequate
cover. In extrene cases, use of coated reinforcing bars may be required

7.2.2.12 Drainage. Were feasible, scuppers and weep holes shall be detailed
to drip clear of the underlying structure. Provide drip grooves in fascia
beams and sl ab soffits.

7.2.2.13 Conpatibility of Sections and Materials. See Figures 33 and 34 for
sone common probl ens.

7.2.3 Tinber Structures. Tinmber structures shall conformto the follow ng
criteria:

a) Design detail shall mnimze cutting, especially that which nust
be done after treatnent.

b) Design detail shall provide for ventilation around tinbers.
Avoid nultiple layers of tinbers as decay is enhanced by noist conditions at
facing surfaces. Curb logs shall be set up on blocks. Walers shall be
bl ocked out from face of pier. Thin spacers between chocks and wal es, and
gaps between deck and tread planks shall be provided.

c) For requirenents concerning hardware, preservative treatment of
the wood, protection of tops of piles, and selection of species of wood, refer
to Sections 2 and 3.

7.3 Case Histories
7.3.1 Case History No. [--Corrosion and Berthing |npact

7.3.1.1 The Problem Existing sheet pile wall damaged by corrosion and
berthing inpacts.
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CRACKS
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Figure 33 _
Conpatibility of Sections and Materials
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Note: Proper detailing would provide expansion anchors and mesh
reinforcement.

Figure 34
Spalling of Shotcrete Repair
Due to Lack of Anchorage to Base Matrix
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7.3.1.2 The Solution. A new bulkhead wall was built (see Figure 35) with
existing wall acting as anchorage (bin structure). Construction was confined
to the area outboard of existing wall to avoid disturbing a maze of existing
utilities.

After about 15 years of service, failures began to occur due to the Ubolts
(Plan Section A-A of Figure 35) tearing the interlocks to which they were
anchored. Up to 6 in. (152.4 mm of deflection of the top of the outboard
sheet piles had devel oped. The condition was then repaired (see Figure 36).
Figure 37 shows the final construction.

7.3.2 Case H story No. 2--Corrosion of Sheet-Pile Wll

7.3.2.1 The Problem An existing sheet pile wall severely damaged by
corrosion (see Figure 38).

7.3.2.2 The Solution. The existing sheet piling was “preserved” by externa
facing (see Figure 39). Corrosion loss due to attack frominside face was
assumed to be negligibly small. The strength of the existing wall was checked
as indicated in Figure 17.

7.3.3 Case Hstory No. 3--Sulfate Corrosion of Concrete Seawal

7.3.3.1 The Problem Sulfate attack caused disintegration of concrete
seawal | .

7.3.3.2 The Solution. The contact between existing concrete and seawater
(reacting ingredients) was cut off by interposing a |layer of sulfate-resistant
concrete (see Figure 40). Note that all of the old concrete was not replaced

only what had been severely attacked. Concept is to inhibit further attack
by isolating concrete from aggressive environment.

7.3. 4 Case Hi story No. 4--Corrosion of Steel HPiles (Treated)

7.3.4.1 The Problem Corrosion of steel Hpiles (see Figure 22).

7.3.4.2 The Solution. Corrosion was concentrated in a narrow band near and
bel ow mean | ow water (see Figure 41). This is a typical condition. Above and
bel ow this band, sufficient section remained in piling that, projecting an
estimated rate of |oss based on observed rate of |oss, 25 years of service
life remained before critical stress levels (defined as |oad factor of 1.33 on
dead plus live load) would be reached.

7.3.5 Case History No. 5--Rotting of Wod Piles

7.3.5.1 The Problem Wod pier deteriorated due to rot (see Figure 42 for
typical pile condition). Below mdtide |evel piles were sound. Deck tinbers
were creosoted and piles were untreated. There was no borer activity, due to
pol l uted harbor waters.

7.3.5.2 The Solution. The superstructure and deck were renoved, and
existing piles posted above mdtide |level (see Figure 43), and a new deck
built on posted piles. Salvage of |ower portions of existing piles (and of
sone of the cross caps) reduced repair cost by an estimated 30 to 40 percent.
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Case History No. |--First
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Figure 36
Case H story No. |--Second Repair
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Figure 37
Case History No. 1--Final Construction
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Figure 38
Case History No. 2--Deterioration of Top of Bulkhead
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Case History No. 2--Repair Details
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Case History No. 3--Repair Details
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Case History No.
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Figure 42
Case History No. 5--Deterioration of Tinber Pile
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Case History No. 5--Repair Details
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7.3.6 CaseH story No. 6--Sulfate Corrosion of Concrete Piles

7.3.6.1 The Problem Deterioration of precast concrete piles due to sulfate
attack (see Figure 24). Piles were nade using Type Il (high early strength)
cement. Attack extended to nudline.

7.3.6.2 The Solution. Jacket with concrete (see Figure 44).

7.3.7 Case Hi story No. 7--Biological Attack

7.3.7.1 The Problem Attack by Limmoria Iignorumand Phol adi dea of
creosoted tinbers and piles in Bernuda. See Figure 45 for cross section of
structure.

7.3.7.2 The Solution. Piles were wapped with plastic sheeting. Design was
checked and upon determning that it was structurally feasible, pile bracing
was raised above water (see Figure 46).

7.3.8 Case History No. 8--Corrosion of Steel HPiling (Untreated)

7.3.8.1 The Problem Corrosion of steel Hpiling. See Figure 12 for a
typical cross section of the pier.

7.3.8.2 The Solution. Do nothing! (judicious neglect). Figure 5 shows
profile of residual thickness of metal. Calculations show enough col um

capacity remaining to provide substantial service life before critical
condi tions woul d devel op. Econonic analysis in accordance with NAVFAC P-442,

Econom ¢ Anal ysi s Handbook, showed overwhel m ng advantage to deferring
repair. Wth high discounting rates (8 percent or nore), this is the usual
concl usi on.

7.3.9 Case H story No. 9--Corrosion of Steel Sheet Piling

7.3.9.1 The Problem Corrosion of steel sheet piling of cell structure and
of steel framng supporting the fender system Figure 4 shows corrosion
profile for steel sheet piling.

7.3.9.2 The Solution. Steel framng was reinforced by plating as shown in
Figure 47. Only webs had substantially thinned. Flanges were free-draining
and had lost negligible section. Jacket cells in active corrosion zone using
detail shown in Figure 48. Active corrosion zone was of limted height -- at
or near mean |ow water.

7.3.10 Case Hi story No. 10--Corrosion of Steel Bracing

7.3.10.1 The Problem Corrosion of steel bracing for piling.

7.3.10.2 The Solution, The braces were renoved and were not replaced.

Careful analysis indicated that braces were not necessary adjunct if restraint
of trestle structure due to limted novenent which could devel op before deck
butted against cells and approach abutment was considered.
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Case Hstory No. 6
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Case History No. 7 - Cross Section of Existing Pier
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Case History No. 7--Repair Details
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NAVFACENGCOM Desi gn Manual s (DM and Gui de Specifications (NFGS)

Departnment of Defense activities may obtain copies of Design Minuals,
P-Publications, and Definitive Drawi ngs fromthe Commanding O ficer, Naval
Publications and Forns Center, 5801 Tabor Avenue, Philadel phia, PA 19120.

Tel ephone:  Autovon (DoD only) 442-3321; Commercial: (215) 697-3321.
Departnment of Defense activities nust use the Mlitary Standard Requisitioning
and |ssue Procedure (MLSTRIP), using the stock control nunber obtained from
NAVSUP Publication 2002.

Q her Governnent agencies and commercial organi zati ons may procure Design
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